The prevalence of diabetes mellitus has attained an epidemic level across the globe as indicated in reports from the International Diabetes Federation.\[[@ref1]\] Among people with diabetes, fatigue is a pervasive and distressing complaint.\[[@ref2]\]

It is difficult to define fatigue due to great discrepancy among causes and indicators. In general, it may be defined as a complex phenomenon including physiological, psychological, and situational components.\[[@ref3]\] The prevalence of fatigue in diabetes has been found as high as 61% in an epidemiological study of type 2 diabetes patients.\[[@ref4]\]

Fatigue can result from various physiological factors associated with diabetes, such as hypo- and hyperglycemia, and the wide swings between the two.\[[@ref5]\] Numerous complications have also been found contributing to the development or exacerbation of fatigue in this population. Various lifestyle issues such as physical activities or high body mass index (BMI) may also give rise to fatigue in type 2 diabetes.\[[@ref6]\] Psychological factors such as depression and anxiety may also result in fatigue. It has been suggested that psychological disorders are more predictive of fatigue than the physical illnesses. Association between diabetes and depression has also been well established. A study\[[@ref7]\] in recent past has reported the prevalence of depression in patients with diabetes as high as 71.8%. Despite high frequency and impact of fatigue in patients with diabetes and its association with depression, only a few studies have explored this issue. Hence, this study was designed to investigate the prevalence of fatigue and depression in type 2diabetes. This study also explores the correlation of sociodemographic and clinical parameters of diabetes type 2 with fatigue and depression.

METHODOLOGY {#sec1-1}
===========

This cross-sectional study was conducted in collaboration between Department of Psychiatry and Diabetes Clinic of Department of Medicine in a secondary care referral hospital. The hospital is a multispecialty treatment facility center catering to the health needs of a defined group of the population from the entire province. Diabetes patients are evaluated in detail in routine clinical practice, and all relevant biochemical tests are performed. The nature and purpose of the study were explained to all the participants, and informed consent was obtained before their inclusion in the study sample.

The study sample comprised 100 patients of diabetes between the ages of 18--70 years attending the outpatient department (OPD) of diabetes clinic. Equal number of healthy controls was also enrolled to make a comparison group. Utmost care was taken to ensure the homogeneity of the sample population by recruiting the close relatives or friends of the patients as a control group. The purpose of the study was revealed to the participants and consent was obtained.

Diabetes was defined as either requiring oral or injectable antidiabetic medication or having random blood glucose level above 200 mg/dl.

The participants were excluded from the study if they were known. (1) To have current substance use disorder using Diagnostic and Statistical Manual, Fourth edition (DSM-IV) criteria. (2) To have current or past psychosis or mania or any other mental disorder using DSM-IV criteria except existing major depressive disorder (MDD). (3) To have major medical or surgical problem before the diagnosis of diabetes.

Measures {#sec2-1}
--------

A detailed evaluation of sociodemographic and clinical profile was made on specially designed semi-structured instrument by interviewing the participants and from the medical records. This included duration of illness, duration of treatment, type of treatment, BMI, complications due to diabetes, fasting, and postprandial blood glucose levels. Participants were also be assessed for the presence of depression and fatigability by applying the Patient Health Questionnaire-9 (PHQ-9) and fatigue severity scale (FSS), respectively. Participants who scored 10 or above on PHQ-9 were further evaluated by psychiatrist.

PHQ-9, a self-report version of PRIME-MD11, which assesses the presence of MDD using modified DSM-IV criteria.\[[@ref8]\] There is a good agreement reported between the PHQ diagnosis and those of independent psychiatry health professionals (for the diagnosis of any one or more PHQ disorder, κ = 0.65; overall accuracy, 85%; sensitivity, 75%; specificity, 90%). In this study, Hindi version of PHQ-9 was used. It has been validated in Indian population and is considered to be reliable tool for diagnosis of depression.

The PHQ-9 is a dual instrument that is used to establish a provisional depressive disorder as well as it provides a symptoms severity score. For the diagnosis of depression, we defined clinical significant depression as: A PHQ-9 score of 10 or above.

FSS is the most commonly used fatigue specific questionnaire.\[[@ref9]\] The FSS emphasizes the impact of fatigue on daily life in terms of accumulation of functional fatigue effects, which appears suitable for detecting the presence and severity of fatigue.

FSS is designed to differentiate fatigue from clinical depression, since they have some common symptoms. The FSS test different domains including motivation, exercise, and interference with work, family, or social life. It is 9 item questionnaires, and scoring is done by adding up the response (numbers) and dividing by 9. A score of \<4 is considered as having no fatigue, score of 4--4.9 are considered as having moderate fatigue, and scores of 5 or more are considered as having severe fatigue. FSS has shown good reliability with a Cronbach\'s α = 0.89 and also a strong construct validity.

Data analysis {#sec2-2}
-------------

All data collected were entered into Microsoft Excel 2007 worksheet in the form of a master chart. These data were classified and analyzed as per the aims and objectives. The data on sample characteristics were described in the form of tables. Inferential statistics such as Chi-square test was used to find out the association of fatigue and depression with various factors and odds ratio (OR) was used to quantify the association of depression with diabetes. The "Microsoft Excel" and "Primer" software version 6 (developed by McGraw-Hill Global Education Holdings, LLC) were used for analysis of the data.

RESULTS {#sec1-2}
=======

The study included 100 subjects with diabetes type 2 attending medical OPD. Equal number of age- and sex-matched healthy control was enrolled to serve as a comparison group for assessment of the prevalence of depression and fatigue in cases and controls. The study sample of diabetes patients comprised equal number of females (50%) and males (50%). The mean age of study subjects was 55.08 years (standard deviation \[SD\] = 11.76) with mean duration of illness being 7.15 years (SD = 5.73). Most of the patients (80%) had been receiving treatment for more than 12 months. Seventy percent (*n* = 70) had been taking oral medication as compared to 30% of those receiving injectables (*n* = 30). Fasting and postprandial blood sugar level were raised above normal in 64% (*n* = 64) and 89% (*n* = 89) of the study subjects, respectively. The average fasting and postpostprandial blood glucose level of the study subjects were 153.06 mg% (SD = 59.25) and 235.65 mg% (SD = 78.98), respectively. Forty-six percent (*n* = 46) of the cases were without any diabetic complications. However, 41% (*n* = 41) had cardiovascular complications including coronary artery disease and hypertension (CAD and HT) and 13% (*n* = 13) had retinopathy. Almost half (47%) of the subjects had optimal BMI, followed by 34% and 15% being overweight and obese, respectively. Four percent (*n* = 4) of the patients were underweight.

In this study, fatigue and depression were found in 68% and 53% of diabetes patients as compared to 17% and 19% of nondiabetic participants (OR for fatigue 10.37, 95% confidence interval \[CI\]: 5.3--20.27; OR for depression 2.8, 95% CI: 2.54--9.07) \[[Table 1](#T1){ref-type="table"}\].

###### 

Prevalence of fatigue and depression in diabetic cases and controls
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Fatigue and depression both were found to be significantly associated with duration of illness, blood glucose level fasting as well as postprandial, with complications of diabetes and BMI among patients with diabetes. However, there was no significant association of fatigue and depression with sex, age, income, and type and duration of treatment \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\].

###### 

Association of sociodemographic factors with fatigue and depression in diabetic cases
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###### 

Correlation of clinical parameters with fatigue and depression in diabetic cases
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There were 2.53 times more chances of fatigue in diabetic subjects with depression as compared to those without depression \[[Table 4](#T4){ref-type="table"}\].

###### 

Association of fatigue with depression in diabetic patients
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DISCUSSION {#sec1-3}
==========

Patients of diabetes were almost five times more likely to develop depression than the healthy control group. Similarly, Khamseh *et al*.\[[@ref7]\] reported the prevalence of depression being as high as 71.8% in a sample of 206 Iranian patients with type 1 and type 2 diabetes corroborating finding of this study.

Two major hypotheses are currently proposed to explain the causal pathway between diabetes and depression. One hypothesis suggests that depression precedes type 2 diabetes. The increased risk of type 2 diabetes in individual with depression has been attributed to increased counter-regulatory hormone release and action, alteration in glucose transport function, and increased immune inflammatory activation.\[[@ref10]\] These physiological alterations in turn lead to insulin resistance and beta islet cell dysfunction leading to the development of type 2 diabetes. Another hypothesis assumes that chronic psychological stressors associated with chronic medical conditions such as diabetes may result in depression.\[[@ref11]\]

Prevalence of fatigue was assessed using FSS, which tests the fatigue severity in terms of both mental and physical domain. Further analysis of distribution curve has revealed that the FSS was normally distributed even in small sample which may indicate that FSS is the most appropriate test to use in this population.

In this study, odds of fatigue were almost 10 times more in diabetes patients in comparison to healthy controls. Our result in this regard is identical to previous studies. Epidemiological studies comprising 1137 subjects with type 2 diabetes has reported prevalence of fatigue as high as 61% which is almost in comparison to this study.\[[@ref4]\] The preponderance of fatigue in diabetes can result from various factors incorporating physiological changes such as altered blood glucose levels, diabetic complications, psychological phenomenon, diabetes-related emotional distress, or lifestyle factors such as being overweight or physically inactive.

Significant association of various clinical parameters of diabetes was established with fatigue and depression. This included duration of illness, blood glucose level both fasting and postprandial, BMI, and diabetic complications including CAD, HT, and retinopathy.

Correlation between duration of diabetes and high prevalence of depression has been established in other studies as well.\[[@ref12]\] However, Balhara *et al*.\[[@ref13]\] reported no such association between duration of diabetes and depression. The chronicity of illness is likely to impose several negative impacts including cost of treatment, poor drug compliance, diabetic complications, and increased fatigue which may cumulatively contribute to develop depression in these patients.

Duration of diabetes in this study has also been found associated with fatigue. Similar correlation has been established by Calrelti-Weder *et al*.\[[@ref14]\] who evaluated fatigue in a placebo-controlled double blind study of interleukin 1 beta (IL-1 β) antagonism with monoclonal anti IL-1 β antibody in 30 patients of type 2 diabetes.

Blood glucose levels both fasting and postprandial were associated with depression and fatigue. Fatigue was found significantly associated with fasting plasma glucose levels in an epidemiological study of 1137 newly diagnosed type 2 diabetes.\[[@ref3]\] The probable reason for fatigue in diabetes may be alteration in blood glucose level. Altered blood glucose metabolism may result in hypo- or hyperglycemia. Fatigue may get affected by these alterations separately or in tandem.

There is ample of evidence that establishes association between comorbid depression with poor glycemic control in diabetes. Lustman *et al*.\[[@ref15]\] in his meta-analysis of 24 studies have found that depression was significantly associated with poor glycemic control in individuals with type 1 and type 2 diabetes. Comorbid depression exerts negative impact among individuals with diabetes. This includes less physical activities, unhealthy and irregular diet, and lower adherence to oral medications.

Significant association of BMI with depression and fatigue was observed in this study. Similar observations have been made by another study in India by Balhara *et al*.\[[@ref13]\] who have reported that BMI has been associated with increased prevalence of depression and anxiety in type 2 diabetes. Obesity often leads to low self-esteem associated with economical, social, and psychological problems. This might contribute to negative affective state in these patients. Fritschi *et al*.\[[@ref16]\] studied 83 women with type 2 diabetes to assess risk factors for fatigue. Higher BMI was one of the strongest explanatory factors for fatigue. It is proposed that the fatigue itself may interfere with physical activity, hence interrupts in weight reduction. Thus, fatigue tends to generate a vicious cycle with self-exacerbating condition.

Diabetic complications were also associated with depression and fatigue in this study. Earlier studies have reported similar kind of association. Clouse *et al*.\[[@ref17]\] found that onset and prevalence of coronary heart disease were affected in depressed diabetic women. Depression in these patients may negatively influence the drug compliance, physical activity, and diet intake leading to development of complications which itself may further contribute to development or exacerbation mood symptoms thus ensue a vicious cycle.

Like our study, fatigue was found significantly associated with a number of diabetic complications in a cross-sectional study designed to examine the presence of fatigue in type 2 diabetes.\[[@ref18]\] Complications are likely to result in fatigue as it makes an individual more incapacitating and fragile. Presence of depression further accentuates the fatigue.

Correlation between depression and fatigue was also established in this study as patients with depression had almost 2½ times more odds to experience fatigue symptoms than those without depression. It is known that depression may predisposes individuals to develop subsequent fatigue. There is evidence to suggest that depression and fatigue may predict and influence each other in time.\[[@ref19]\] It has also been proposed that chronic fatigue is merely a form of depression considering the overlap in symptoms and occurrence. However, fatigue seems to have genetic and environmental risk factors that are independent of psychiatric symptoms as reported in twin studies.\[[@ref20]\] It has been argued that different definitions of fatigue in different studies may have led to this overlapping between depression and fatigue. Nevertheless, empirical evidence suggests that the association between depression and fatigue becomes even larger when narrower and more exclusive definition of fatigue are used.\[[@ref21]\]

Feeling of both mental and physical fatigue is one of the common symptoms of depression, and the association between the two may well be explained by this common sharing of symptoms as well as some common risk factors such as diabetes responsible for the occurrence of both depression and fatigue as evident in this study.

CONCLUSION {#sec1-4}
==========

Fatigue and depression are reasonably correlated with type 2 diabetes. Various clinical parameters of diabetes including duration of illness, alteration in blood glucose level, BMI, and diabetic complication are strongly associated with fatigue and depression both. Fatigue itself has a significant correlation with depression in type 2 diabetes. Presence of fatigue and depression in these patients may adversely affect the prognosis and impose additional cost of treatment, morbidity and mortality. Regular monitoring of biochemical parameters such as blood glucose level and BMI are paramount to predict the development of fatigue and depression in type 2 diabetes.
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